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The Arctic climate is rapidly changing
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Studying the Arctic climate presents unique challenges.

* The largest intermodel spread in projected surface temperature warming 1s
found in the Arctic.
« Satellite observations are difficult, lack of in-situ measurements

Understanding and reducing intermodel spread in the simulation of the
surface energy budget can improve future projections.



Radiative and non-radiative feedback processes lead to
polar warming amplification

Surface Albedo
Feedback

Atmosphere/
dynamical transport
feedbacks

Cloud feedbacks

The surface
warms

Additional

solar Snow and
radiation is ice retreat

absorbed

Less reflective
land and ocean
surface are
exposed

Poleward atmospheric

heat transport increases

(Pithan and Mauritsen
2014)
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Sea ice retreats and thins

>

Thinner and less extensive
sea ice amplifies the
surface albedo feedback
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Arctic cloud forcing 1s two-fold
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More clouds Clouds increase

Increase albedo and
downward reduce
longwave downward

radiation at the shortwave
surface radiation

In summer, these effects
compete. In winter (in the
absence of solar radiation), the
longwave cloud radiative effect
dominates.




Use the concept of cloud radiative forcing to evaluate the influence
of clouds on shortwave and longwave fluxes at the surface.

CRE = (SW| - SW |crsiy) (1 - o) + (LW - LW | cirsiy)

&:} “Cloud Radiative Effect” where

-SW|, LW| are all-sky fluxes
-SW|
- o 1s the albedo calculated using clr-sky

LW|] are clear-sky fluxes

clr-sky» clr-sky

sw fluxes, SW1 /SW|]

clr-sky clr-sky

Terms in the equation represent cloud influence on solar and infrared radiation

Shortwave cloud radiative forcing (SW CRE)

(SW] - Schlr-sky).(l -a) | > Usually negative because downwelling solar flux

decreases with the presence of clouds

Magnitude of SW CRE is smaller over a white
surface than over ocean

Longwave cloud radiative forcing (LW CRE)

(LW - Lwlclr—sky) : > Usually positive because downwelling longwave

radiation increases with the presence of clouds




All-Sky Surface Downwelling Longwave Radiation, W/m ~ 2
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Clr-Sky Surface Downwelling Longwave Radiation, W/m "~ 2
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Longwave Surface Cloud Radiative Forcing, W/m ™2

Longwave Cloud Radiative Effect
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The large discrepancy in
wintertime cloudiness is

due to the representation of

low clouds (Karlsson and
Svensson 2011)
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Historical Simulation Total Cloud Fraction, %
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HIST delta LW CRE, W/m ~ 2

What causes differences in LW CRE?
LW |an = (1 - N)-F|ciriw+ N*F | ctaw

LW CRE = LW |an - LW |ar = N*(F | atajw - F | cirw)
6LW CRE = 5N (F | aaiw - Flclrlw) + N 5Flc1d1w N 5Flc1r1w

E{) Clr-Sky Component
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ACCESS1_0 dLWCRE

CSIRO_Mk3_6_0 dLWCRE

bcc csm1 1 dLWCRE

inmcm4 dLWCRE

For some models, changes in LW CRE are closely coupled to changes in cloud fraction
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All-Sky Surface Downwelling Shortwave Radiation, W/m ~ 2
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Shortwave Surface Cloud Radiative Forcing, W/m "2

Shortwave Cloud Radiative Effect
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Surface Cloud Radiative Forcing, W/m ~ 2

Net Cloud Radiative Effect

Surface Cloud Radiative Forcing, W/m ~ 2
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Regressions between cloud fraction and net CRE show whether a model is more strongly forced
by a cloud albedo effect or a cloud greenhouse effect

SW CRE vs Cloud Fraction LW CRE vs Cloud Fraction

10 - - " - - - - 70

—— ACCESS1_0,r= 0.96
ACCESS1_3,r= 0.19
BNU_ESM, r = 0.98

——CCSM, r = 099

60 CNRM_CMS , r = 0.39

—— CSIRO_MK3_6.0,r = 0.68
GFDL_CM3, r = -0.48

~—— MPI_ESM_MR , r = 0.67

-10

-20

Historical Simulation SW CRE

E 50 MRI_CGCM3 , r = 0.91
(&) GISS_E2_R,r=-078
—— IPSL_CM5A_MR , r = 0.34
-30 . . % MIROCS , r = 1.00
—— ACCESS1.0,r=-077 '5 40 H__ ::’fcs::'r:i‘fir; B 29337
-40 ACCESS1_3,r= 0.1 = — boo_csmi 1,1 = 054
BNU_ESM , r = -0.91 =] —— inmem4 , r = 0.97
5O ||[——ccsM.r=-09 kS - -
CNRM_CMS5 ,r = 0.56 D30} - e :
—— CSIRO_Mk3_6 0, r = -0.53 © : :
-60 GFDL_CM3,r = 0.64 f:’
MPI_ESM_MR, r = -0.49 L : g : : p : :
MRI_CGCM3 , r = -0.37 L oog it N e .~ 8 P . L i L.
TOIassezn,r- T : : : : : : :
_E2R,r= 086 . ' ' ' : .
—— IPSL_CM5A_MR , r = 0.30 : : o ° :
-80 MIROGS ,r=-0.88 [+ == =acccmcmcme i scan s uaaannaaauanannans : : : : : : :
NOrESM1_M, r = -0.93 . L e0_ . O . 10f-------- [P A [ O
——bcc_csmi_1_m,r=-0.52 . . . . . . . . . .
-90 | — bec_osmi_1,r= 008 | LT TTTTTTITTootooomtotsERogoseneees
~—— inmcm4 , r = -0.79
-100 0
20 30 40 50 60 70 80 90 100 20 30 40 50 60 70 80 90 100
Historical Simulation Cloud Fraction Historical Simulation Cloud Fraction

60

—— ACCESS1_0, r=-0.58
ACCESS1_3,r= 0.30
BNU_ESM, r = -0.67

—— CCSM, r =-0.67
CNRM_CM5,r = 0.86

~—— CSIRO_Mk3_6_0,r=-0.21
GFDL_CM3,r = 0.60
MPI_ESM_MR , r = -0.35
MRI_CGCMS3 , r = -0.07
GISS_E2 R, r= 0.82

—— IPSL_CM5A_MR, r = 0.60
MIROCS , r = -0.41
NorESM1_M, r = -0.70

~——— bcc_csmi1_1_m,r=-0.25

—— bcc_csmi1_1,r= 0.26

— inmcmé4 , r = -0.42

Net CRE is the result
of adding the
longwave and

shortwave forcings

Historical Simulation Net CRE

X X X X 00 . X X
20 30 40 50 60 70 80 90 100
Historical Simulation Cloud Fraction




How will Arctic surface temperature change in the future?

Future surface temperature is obtained using the RCP 8.5 simulation (Radiative Concentration Pathway
8.5, a projection dataset with an 8.5 W/m? forcing)

RCP 8.5 runs from 2006 to 2100. Temperature change is calculated as follows:

AT, .= Mean T for the last 20 years of the simulation - Mean T for the first 20 years of the simulation
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The sensitivity of a model to changes in clouds is correlated to
projected surface temperature change

The slope of the regression line from the 6N vs LW CRE is compared to projected AT

for CMIP5 models and C3M observations

Using the
model line fit
and the C3M
regression
slope, a
predicted AT
for

observations is
~13.6 K

surf

rpjected Temperature Change, K

|

RCP8.5 Winter P

22

N
o

-
(o]

-y
(o2}

—_
AN

-
N

—_
o

B : . . |
[ 111 [ 111 [ 111 | [ 111 | [ 111 | |
Boo 025 050 075 100 125

Regression Slope T

C3M regression slope

surf

HIST BNU_ESM
HIST _ACCESS1 3
H-HIST_ACCESS1_0
H-HIST_CCSM4
HIST_CNRM_CM5
- HIST_CSIRO_Mk3_6_0
H HIST FGOALS g2
H-HIST_IPSL_CM5A MR
HIST_MIROC5
| HIST_MPI_ESM_MR
- HIST_MRI_CGCM3
HIST_NorESM1_M
HIST bcc_csmi1_1 m
H-HIST bcc_csm1_1
H-HIST inmcm4




Questions?

Robyn C Boeke

@ phone: 757.951.1612
¥ robyn.c.boeke@nasa.gov



